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GROUNDWATER  MANAGEMENT  REPORT 


ABSTRACT 


In  response  to  the  Board  of  Supervisors'  Resolution  No.  389-89,  San  Francisco 
Water  Department  staff  analyzed  three  alternatives  for  increasing  the  use  of 
groundwater  in  San  Francisco  by  3 million  gallons  per  day  (mgd).  The  first 
alternative  (A)  would  develop  on-site  wells  wherever  drinking  water  is  now 
used  for  City  landscape  irrigation  plus  additional  well  systems  for 
firefighting  usage.  This  alternative  would  require  140  wells  to  produce 
about  3 mgd  of  groundwater  for  non-potable  use.  The  second  alternative  (B) 
reduced  the  number  of  wells  to  87  by  incorporating  use  of  the  San  Francisco 
Fire  Department's  auxiliary  water  supply  system  to  distribute  non-potable 
groundwater.  The  third  alternative  (C)  considers  constructing  three  or  more 
large  capacity  wells  connected  to  the  City's  potable  water  system  feeder  mains 
where  groundwater  would  be  mixed  with  the  current  water  supply.  The  third 
alternative  would  provide  the  greatest  flexibility  in  meeting  emergencies, 
would  offer  the  best  control  over  groundwater  use  and  would  be  the  least  cost 
alternative.  Additional  data  would  be  necessary  to  confirm  that  groundwater 
sources  meet  water  quality  and  quantity  requirements.  The  current  proposed 
1990-91  budget  includes  funding  to  acquire  such  additional  technical 
information. 

Development  of  non-potable  groundwater  does  not  appear  to  be  feasible  for  more 
than  about  3 mgd.  Development  of  potable  groundwater  may  be  feasible  above  3 
mgd  if  quantity  and  quality  requirements  are  confirmed  and  if  slightly  harder 
water  would  be  acceptable. 
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GROUNDWATER  MANAGEMENT  REPORT 


1 . INTRODUCTION 

Following  two  droughts  within  a 12  year  period  which  required  system-wide 
reduction  of  water  usage  by  25%,  considerable  attention  is  being  given 
statewide  to  alternative  water  sources  such  as  groundwater,  reclaimed 
wastewater  and  other  reuse  of  water  for  non-potable  uses.  This  planning 
level  report  addresses  groundwater  as  a potential  supplementary  source 
which  would  lessen  the  impacts  of  future  droughts  on  San  Francisco  and 
provide  a standby  source  of  water  for  emergency  conditions. 

Groundwater  is  rain  water  which  has  percolated  into  sand  and  gravel 
aquifers  beneath  the  earth's  surface  and  which  may  be  drawn  from  wells  and 
springs.  Groundwater  in  shallow  aquifers  is  often  contaminated  by 
pollutants  which  seep  into  the  soil  from  the  land  surface.  Water  in  deep 
aquifers  is  usually  free  of  contaminants  but  may  contain  higher  dissolved 
mineral  levels  when  compared  to  typical  surface  waters. 

The  San  Francisco  Water  Department  (SFWD)  provides  water  to  over  2 million 
people,  approaching  an  average  daily  consumption  of  290  million  gallons 
(non-drought  year),  of  which  the  City  and  County  of  San  Francisco  uses  97 
million  gallons  per  day  (mgd).  SFWD  delivers  over  60  percent  of  its  water 
supply  to  30  suburban  cities  and  water  districts  (Attachment  1).  SFWD 1 s 
supply  is  entirely  from  surface  water  sources  at  Hetch  Hetchy  and  in 
Alameda,  Santa  Clara  and  San  Mateo  counties.  Some  of  the  suburban 
agencies  served  by  SFWD  obtain  a portion  of  their  water  supply  needs  from 
groundwater.  In  the  City,  groundwater  is  used  principally  for  irrigation 
purposes . 

2.  OBJECTIVES 

By  Board  of  Supervisors  Resolution  No.  389-89,  (Attachment  5)  as  approved 
by  the  Mayor  May  31,  1989,  the  PUC  was  urged  to  direct  the  San  Francisco 
Water  Department  (SFWD)  to  prepare  a groundwater  use  plan  focusing  on 
non-potable  use  for  the  area  within  the  City  and  County  of  San  Francisco. 
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The  resolution  requested  plans  for  achieving  the  following  goals: 


o Increase  the  use  of  groundwater  by  3 million  gallons  per  day  (MGD)  in 
1991 

o Increase  the  use  of  groundwater  by  8 MGD  by  1993 

In  addition,  the  Department  was  asked  to  determine  the  funds  needed  to 
implement  a groundwater  plan.  The  resolution  also  addressed  exploring 
increased  groundwater  use  for  industrial,  institutional,  firefighting 
applications  and  emergency  purposes;  and  in  conjunction  with  the  City's 
Clean  Water  Program,  development  of  waste  water  reclamation. 

3.  BACKGROUND 


a)  Historical  Groundwater  Supply  of  San  Francisco  Countv 

A Department  of  Public  Works  (DPW)  report  dated  May  1913  surveyed 
approximately  700  wells  in  San  Francisco,  concluding  that  approximately 
8.5  MGD  of  groundwater  was  being  pumped  at  that  time.  The  study  also 
determined  a potential  for  an  additional  3.8  MGD,  predominantly  from  the 
Sunset  and  Richmond  districts.  The  report  noted  that  508  of  the  wells 
surveyed  were  in  actual  use;  the  remainder  being  dry,  abandoned,  or  used 
for  water  table  observation  only.  Many  of  the  active  wells  were  shallow 
and  it  is  doubtful  that  the  quality  of  water  drawn  from  them  would  meet 
today's  drinking  water  standards. 

Currently  there  are  39  known  active  public  and  privately  owned  wells 
in  San  Francisco  that  are  being  used  predominantly  for  park  irrigation, 
laundry,  zoo,  emergency  and  flushing  applications.  The  City  owned  wells 
are  inspected  by  the  San  Francisco  Health  Department  (SFPH)  and  SFWD  for 
backflow  prevention  and  non-potable  water  quality  testing.  Park 
irrigation  and  the  zoo  produce  approximately  2 MGD.  None  of  these  wells 
is  connected  to  SFWD's  distribution  system.  Some  of  the  active  wells  do 
not  produce  water  meeting  potable  or  drinking  water  standards  particularly 
in  terms  of  nitrates  and  coliform  bacteria  and  can  only  be  used  for 
non-potable  uses  such  as  landscape  irrigation. 
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The  source  of  a portion  of  the  Presidio's  potable  water  supply  is  a 
groundwater  system  located  in  the  vicinity  of  Lobos  Creek.  On  occasion, 
higher  nitrate  levels  are  experienced  which  are  corrected  by  blending  with 
SFWD  water.  SFWD  provides  continuous  water  to  the  hospitals  located  on 
the  facility. 

b)  Current  Work  in  Progress 

In  1988,  SFWD  entered  into  a jointly  funded  project  with  the  United 
States  Geological  Survey  (USGS)  to  perform  a comprehensive  study  of 
groundwater  resources  in  San  Francisco.  Results  are  to  be  provided  as 
work  phases  are  completed  through  October  1991  with  a complete  report  due 
in  May  1992.  The  objectives  of  the  study  are  to  define  aquifer 
boundaries,  storage  volumes,  safe  yields,  water  quality,  and  potential  for 
groundwater  development  in  San  Francisco,  including  identification  of 
favorable  well  installation  locations.  Final  conclusions  of  the  USGS 
study  are  not  available  for  inclusion  into  this  Groundwater  Report; 
nevertheless,  information  gathered  to  date  has  been  used  in  preparing  this 
report.  The  schedule  for  the  USGS  study  is  shown  on  Attachment  2. 

The  topography  of  the  City  is  characterized  by  high  central  hills 
which  consist  of  shallow  bedrock,  not  able  to  support  substantial  well 
development.  The  major  groundwater  aquifers  are  expected  to  be  found  in 
the  lower  elevations  along  the  periphery  of  the  City.  Preliminary  USGS 
information  identifies  the  largest  groundwater  aquifer  in  the  south  west 
portion  of  the  City  extending  from  the  vicinity  of  Lake  Merced  into  San 
Mateo  County.  USGS  noted  that  this  groundwater  basin  is  the  source  of 
supply  for  wells  in  Daly  City,  South  San  Francisco  and  San  Bruno.  Pumping 
from  wells  in  the  basin  may  contribute  to  lowering  of  the  level  in  Lake 
Merced.  (Attachment  8). 

The  basin  appears  to  extend  from  San  Francisco  International  Airport 
through  northern  San  Mateo  County  and  western  San  Francisco  and  to  be 
deepest  in  the  vicinity  of  Ocean  Beach.  Groundwater  in  the  basin 
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apparently  is  flowing  continuously  out  to  sea.  Pumping  does  not  appear  to 
be  causing  salt  water  intrusion  although  water  levels  near  active  wells 
have  been  drawn  down  below  sea  level. 

Initial  water  quality  testing  by  USGS  indicates  that  approximately 
half  of  the  test  sites  show  nitrate  levels  slightly  above  acceptable 
drinking  water  standards.  Nitrate  levels  are  less  prevalent  or 
non-existent  in  the  deeper  wells  predominately  located  on  the  westerly 
side  of  the  City.  The  source  of  the  nitrates  is  not  clear  at  this  time. 
Further  testing  by  the  USGS  for  nitrogen  isotopes  will  help  identify  the 
presence  of  sewage,  fertilizers,  buried  organic  material  or  atmospheric 
deposition,  and  the  relative  contribution  of  each. 

c)  Potential  Market 

Part  of  the  data  being  utilized  from  the  USGS  study  is  a preliminary 
list  of  67  irrigation  sites  (Attachment  3 and  4)  which  now  use  City  water 
for  landscape  irrigation.  The  list  may  not  represent  all  potential  sites 
in  the  City  and  some  sites  may  ultimately  be  eliminated  during  a future 
more  detailed  examination.  The  sites  vary  from  3 acres  at  various 
playgrounds  to  the  200  acres  in  Golden  Gate  park  now  using  City  water. 
Ownership  of  the  sites  includes  Federal,  State,  City,  and  private 
agencies.  Four  of  these  sites  are  located  in  shallow  bedrock  areas 
unsuitable  for  well  installation  and  were  eliminated  as  potential  sites 
for  use  of  groundwater.  The  remaining  63  irrigation  sites  represent  a 
potential  groundwater  market  of  738  million  gal./yr.  or  about  2 MGD. 

Firefighting  needs  for  emergency  or  backup  water  supplies  is  also  a 
conceivable  use  of  groundwater.  In  addition  to  the  SFWD  water 
distribution  system,  the  San  Francisco  Fire  Department  (SFFD)  maintains  a 
separate  high  pressure  pipe  distribution  system,  the  Auxiliary  Water 
Supply  System  (AWSS).  This  totally  separate  system  is  fed  from  dedicated 
high  elevation  reservoirs  supplied  from  the  SFWD  system.  A portion  of  the 
AWSS  can  also  be  charged  with  sea  water  pumped  from  San  Francisco  Bay. 
About  half  of  the  City  is  within  the  current  boundary  of  this  separate 
system  (Attachment  3).  Approximately  95  million  gallons  per  year  or  0.3 
mgd  of  SFWD  water  is  used  in  the  AWSS. 
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An  additional  level  of  firefighting  water  supply  is  located  beneath 
City  streets  in  151  cisterns  also  maintained  by  SFFD.  The  SFFD  is 
currently  expanding  both  the  AWSS  and  cistern  systems  through  bond  funded 
improvement  programs. 

A well  system  located  on  43rd  and  44th  Avenues  in  the  Sunset  District, 
shut-down  by  SFWD  in  1935,  was  recently  transferred  to  the  SFFD  for 
incorporation  into  the  AWSS  as  an  emergency  supply. 

This  report  addresses  the  above  identified  groundwater  market  of  2.3 
mgd  (2  mgd  for  irrigation  and  0.3  mgd  for  firefighting)  as  the  basis  of 
the  requested  3.0  mgd  development  by  1991.  Other  potential  uses  of 
groundwater  by  San  Francisco  industries  are  yet  to  be  identified.  Usage 
of  up  to  8 mgd  by  1993  for  non-potable  use  will  require  a further  market 
investigation  though  this  does  not  appear  to  be  a reachable  goal. 

d)  Groundwater  Development 

Groundwater  is  developed  by  constructing  wells.  Well  construction 
includes  drilling  8"  to  20"  diameter  holes  several  hundred  feet  deep  into 
water  bearing  strata,  installing  a pipe  casing  within  each  hole, conducting 
tests  to  confirm  expected  yield  and  water  quality,  installing  submersible 
pumps  and  motors,  inlet  screens,  connecting  piping,  and  electrical  power 
connections.  Additional  construction  at  each  well  may  also  include  a 
storage  tank,  pump  house,  fencing  and  other  security  measures. 

Well  installation  in  San  Francisco  requires  a permit  issued  by  the  San 
Francisco  Department  of  Public  Health  and  review  by  the  Departments  of 
Public  Works  and  City  Planning.  Section  659  of  the  Public  Health  Code 
further  directs  that  construction  shall  conform  to  the  water  well 
standards  of  the  State  of  California  Department  of  Water  Resources 
Bulletin  74-8 ! of  December  1981  as  modified  November  1,  1989.  Wells 
constructed  for  drinking  water  use  require  a permit  from  the  California 
Department  of  Health  Services  and  must  be  sealed  to  a depth  of  150  feet  or 
more,  to  prevent  pollution  from  surface  drainage  and  require  disinfection. 
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Delivery  of  the  groundwater  depends  on  the  proximity  of  the  well  to 
the  point  of  application.  For  example,  additional  pipeline  may  be 
required  to  reach  or  link  into  existing  irrigation  systems. 

An  alternative  evaluated  in  this  study  includes  tapping  into  the  AWSS 
system  to  supply  groundwater  to  potential  irrigation  sites.  Wells  would 
be  constructed  to  pump  groundwater  into  the  AWSS  pipelines  or  reservoirs 
to  provide  for  both  the  firefighting  and  irrigation  needs. 

Requirements  for  maintaining  the  current  level  of  AWSS  readiness  for 
emergencies  while  also  supplying  water  for  irrigation  would  have  to  be 
adequately  addressed.  The  San  Francisco  Fire  Code  would  require 
amendments  to  allow  the  AWSS  to  be  used  for  "non-firefighting"  purposes 
such  as  irrigation.  Subsection  (b)  of  Section  10.202.1  states  that  "any 
use  of  water  from  such  hydrants  for  other  than  Fire  Department  purposes  is 
prohibited."  The  Fire  Commission  can  review  and  recommend  AWSS 
modifications  to  the  Board  of  Supervisors  every  three  years  or  the  Board 
of  Supervisors  can  amend  the  code  at  any  time. 

4.  ONGOING  STUDIES  AND  PROGRAMS 


Several  studies  and  programs  are  in  progress  that  relate  to  and  will 
affect  decisions  on  the  use  of  groundwater.  These  are  described  below 
and,  where  applicable,  listed  on  Attachment  2 which  shows  the  various 
schedules  for  completion. 

a)  Service  Area  Alternative  Water  Supply  Study 

Subsequent  to  Resolution  389-89,  Board  of  Supervisors  Resolution  No. 
740-89  (Attachment  6)  was  passed  September  28,  1989  which  requested  an 
18-month  "investigation  of  the  potential  for  conservation,  reclamation  and 
groundwater  usage  to  provide  reliable  water  supplies  to  augment  the  Hetch 
Hetchy  and  local  water  supplies..."  The  basis  for  the  report  is  to  be  a 
series  of  public  hearings  throughout  the  SFWD  service  area,  held  jointly 
by  SFWD  and  the  30  agencies  that  purchase  water  from  SFWD  on  a wholesale 
basis. 
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b)  Expanded  USGS  Study 


The  USGS  is  currently  developing  a proposal  for  expanding  their 
groundwater  study  to  the  SFWD  service  area  within  Alameda,  Santa  Clara  and 
San  Mateo  Counties.  This  study  would  take  4 to  6 years  to  complete  and 
would  provide  a firm,  scientific  basis  for  continued  development  of 
comprehensive  groundwater  management  plans  to  maximize  groundwater  use  and 
to  explore  benefits  of  groundwater  recharge  with  Hetch  Hetchy  and  local 
waters  available  to  the  service  area,  and  to  prevent  salt  water  intrusion, 
groundwater  contamination,  and  land  subsidence. 

c)  Reclaimed  Mater  Study 

Reclaimed  water,  the  reuse  of  effluent  from  the  City's  wastewater 
treatment  plants,  is  currently  being  addressed  by  the  Department  of  Public 
Works  (DPW)  and  SFWD.  A Request  For  Proposals  has  been  prepared  for 
selection  of  a consultant  to  conduct  a reclamation  and  conjunctive  use 
study  scheduled  for  completion  in  late  1991.  The  study  will  include 
technical  and  economic  evaluation  for  uses  such  as  irrigation  and 
groundwater  recharge,  relative  to  various  levels  of  treatment.  Because 
groundwater  and  reclaimed  wastewater  potentially  compete  for  the  same 
markets,  the  conclusions  of  this  study  may  be  modified  by  the  results  of 
the  reclaimed  wastewater  studies. 

d)  Water  Conservation 


Though  not  directly  related  to  the  groundwater  Resolution,  it  should 
be  pointed  out  that  the  San  Francisco  Water  Department  maintains  a 
comprehensive  long-range  water  conservation  program  directed  to  both  the 
City  and  Suburban  customers. 
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The  program  includes: 


o Water  education  materials  distributed  in  the  schools. 

o A City  landscape  ordinance  for  new  construction  to  improve  design 
and  water  use  efficiency. 

o Public  information  materials  for  various  types  of  water  users 
(residential,  commercial,  industrial,  and  irrigation). 

o Leak  detection  and  landscape  water  audit  services. 

o Retrofit  of  older  high  water  using  plumbing  devices  with  low  flow 
fixtures. 

o General  promotion  of  water  conservation  with  displays, 
promotional  events  and  demonstrations. 

The  SFWD  hosted  the  Northern  California  Xeriscape  Conference  on  February 
5,  1990  which  addressed  water  conservation  technology  relative  to 
landscaping  and  irrigation. 

e)  Additional  Proqrams/Oraanizations 

The  SFWD  also  provides  an  active  role  in  other  regional  and  statewide 
programs  addressing  water  resources. 

o Bay  Delta  Hearings:  The  State  Water  Resources  Control  Board  is 

to  review  and  define  water  quality  requirements  to  provide 
reasonable  protection  of  the  Bay  and  Delta  waters.  In  order  to 
achieve  the  results,  the  Board  could  recommend  modification  to 
allocations  of  water  to  owners  of  established  water  rights.  To 
augment  and  conserve  existing  water  supplies,  water  users, 
including  San  Francisco,  are  reviewing  water  conservation 
measures  including  alternate  sources  such  as  reclaimed  water, 
conjunctive  uses  and  groundwater. 

o Urban  Water  Management  Plan:  Amendments  to  the  State  Water  Code 

required  urban  water  suppliers  to  prepare  a report  addressing 
alternative  water  conservation  measures  which  would  improve 
efficiency  of  water  use  through  evaluation  of  costs, 
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environmental  and  other  significant  impacts.  SFWD  completed  the 
initial  report  December  1985  and  must  update  the  report  by  December 
1990.  In  addition  to  the  previously  described  conservation  program, 
the  report  emphasized  the  reuse  of  wastewater  for  extended 
irrigation  purposes. 

5.  GROUNDWATER  DEVELOPMENT  ALTERNATIVES 
General 

Three  alternatives  were  identified  for  developing  groundwater  in  San 
Francisco.  Two  relate  to  non-potable  use  while  the  third  is  directed  to 
potable  use.  Alternate  A calls  for  constructing  separate  wells  at  sites 
where  non-potable  groundwater  could  be  used  in  place  of  potable  SFWD 
water.  Alternate  B calls  for  construction  of  wells  and  use  of  the  SFFD's 
auxiliary  water  supply  system  where  possible,  to  distribute  non-potable 
groundwater  to  sites  currently  using  potable  SFWD  water.  Alternate  C 
consists  of  constructing  deep  potable  water  wells  connected  to  the  City's 
water  distribution  system. 

Alternates  A and  B include  furnishing  groundwater  to  all  feasible  sites 
identified  as  using  SFWD  water  for  irrigation  and  to  the  Auxiliary  Water 
Supply  System  for  firefighting.  Feasible  sites  are  considered  to  be  those 
within  1,000  feet  of  a potential  well  site  or  AWSS  main.  Given  the 
additional  cost  and  disruption  due  to  pipe  construction  in  City  streets, 
sites  farther  than  1,000  feet  from  an  alternative  source  were  considered 
uneconomical  and  best  left  on  the  potable  SFWD  water  system. 

As  earlier  described,  of  a total  of  67  sites  currently  irrigated  with 
SFWD  water,  only  four  were  eliminated  due  to  the  lack  of  an  alternative 
water  source  within  1,000  feet.  Three  sites  are  not  serviceable  by  well 
systems  under  Alternative  A but  are  reachable  via  the  AWSS  in  Alternative 
B.  The  depth  to  bedrock  of  nineteen  sites  is  100  feet  or  less  indicating 
a marginal  groundwater  yield,  in  some  cases  requiring  multiple  smaller 
wells. 
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For  firefighting  purposes,  pumping  groundwater  to  the  SFFD's  Twin  Peaks 
Reservoir  was  selected.  As  an  option,  well  systems  could  pump  groundwater 
directly  into  the  AWSS  pipelines.  Further  study  could  establish  the 
SFFD's  cistern  system  as  a viable  distribution  point  for  some  groundwater 
and  firefighting  use. 

Cost  estimates  were  prepared  for  systems  to  supply  the  identified 
irrigation  potential  of  2.0  mgd  based  on  the  list  of  sites  provided  by 
USGS  (Attachment  4)  and  adding  0.3  mgd  for  firefighting  to  provide  a total 
of  2.3  mgd.  The  Board  Resolution  requested  a plan  for  developing  3.0  mgd 
by  1991.  Using  the  engineering  and  cost  data  derived  from  the  2.3  mgd 
analysis,  the  report  was  proportionately  increased  to  3 mgd.  This  assumes 
additional  sites  are  available  for  an  additional  0.7  mgd  of  groundwater  to 
be  used  for  irrigation  or  by  industrial  users  which  are  not  yet 
identified.  Therefore,  the  alternatives  and  costs  compare  the  utilization 
of  3 mgd. 

Capital  and  Operations  and  Maintenance  costs  are  noted  within  the 
description  of  each  alternative  and  shown  on  Table  1.  The  present  worth 
costs  are  summarized  on  Table  2. 

Alternative  A - Non-Potable  Well  Systems 

This  alternate  calls  for  constructing  separate  wells  as  close  as  possible  to 
sites  now  using  SFWD  water  for  irrigation.  Large  sites  will  require  more  than 
a single  well.  The  shape  or  configuration  of  a site  can  also  warrant 
additional  wells;  for  example,  the  Sunset  Blvd.  landscaping  is  somewhat  narrow 
but  2-1/2  miles  in  length.  Additional  circumstances  requiring  multiple  wells 
are  the  shallow  bedrock  areas  where  the  irrigation  demand  cannot  be  met  from  a 
single  facility.  Therefore,  141  wells  would  be  required  to  provide  3 mgd  for 
irrigation  at  a capital  cost  of  $13,400,000. 

Firefighting  resources  could  be  augmented  by  constructing  well  systems 
discharging  groundwater  into  the  high  elevation  AWSS  reservoirs.  For 
estimating  purposes,  a separate  groundwater  water  supply  for  firefighting  is 
proposed  consisting  of  a 1 mgd  well  system  at  Lake  Honda  and  a 6,000  feet 
pipeline  discharging  into  the  AWSS  Twin  Peaks  Reservoir  near  Palo  Alto  Ave., 
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at  a capital  cost  of  $1,000,000.  The  SFFD  has  viewed  Lake  Honda  as  a 
potential  source  of  supply  for  the  Twin  Peaks  Reservoir.  Additional  study 
could  also  consider  discharging  groundwater  to  the  Ashbury  AWSS  storage  tank 
(Cl ayton  and  Carmel ) . 

The  estimated  total  capital  cost  of  Alternate  A is  $15,400,000  and  the  annual 
operations  and  maintenance  costs  are  $700,000. 

Advantages  of  Alternate  A 

o Potable  water  would  be  saved  on  a gallon  for  gallon  basis  up  to 
approximately  3 mgd. 

o Portions  could  be  accomplished  quickly  through  multi-agency  cooperation, 
o Reliability  of  the  AWSS  firefighting  system  would  be  enhanced  by  providing 
an  additional  water  source. 

Disadvantages  of  Alternate  A 

o Has  highest  capital  cost  of  over  $15  million. 

o Many  of  the  irrigation  well  pumps  would  be  too  small  for  firefighting 

demands . 

o Non-potable  water  could  not  be  used  for  emergency  drinking  water, 

o Groundwater  development,  management  and  operations  and  maintenance  would 

be  shared  by  multiple  parties. 

o Non-potable  groundwater  development  would  compete  with  potential  reclaimed 
water  usage. 

Alternative  B - Non-Potable  Wells  and  the  SFFD  Distribution  System 

This  alternate  calls  for  fewer  wells  and  less  new  pipe  by  using  the  SFFD 
distribution  system  to  transport  non-potable  water  to  the  irrigation  sites. 

The  San  Francisco  Fire  Department's  Auxiliary  Water  Supply  System  (AWSS) 
encompassing  half  the  City  (Attachment  3)  has  the  potential  to  distribute  well 
water  to  many  irrigation  sites.  If  available,  the  AWSS  could  accommodate 
nearly  half  of  the  irrigation  sites  and  0.9  mgd  of  the  2 mgd  identified  market 
for  irrigation  water.  The  remaining  sites,  outside  this  boundary,  would  be 
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served  by  individual  wells  as  described  in  Alternative  A.  As  noted,  this  data 
was  expanded  to  3 mgd  which  is  represented  in  the  cost  estimates.  Maintaining 
the  readiness  of  the  AWSS  will  require  precautionary  elements  such  as 
automatic  shut-off  valves  for  irrigation  service  connections  so  that  the 
system  has  full  emergency  capability  during  fires.  The  capital  cost  is 
estimated  to  be  $9,600,000. 

The  groundwater  source  for  both  the  firefighting  and  irrigation  service  would 
be  a well  system  pumping  groundwater  to  the  Twin  Peaks  Reservoir  into  the  AWSS 
mains,  similar  to  Alternative  A.  ($1,000,000). 

The  total  capital  cost  is  $10,600,000  and  the  annual  operations  and 
maintenance  is  $500,000. 

Advantages  of  Alternate  B 

o Potable  water  would  be  saved  up  to  3 mgd. 
o Has  a lower  cost  than  Alternative  A. 
o Reliability  of  AWSS  source  of  supply  would  be  improved, 
o Groundwater  would  be  available  for  firefighting  in  emergency  situations. 

Disadvantages  of  Alternate  B 

o High  capital  cost  (over  $10  million). 

o Imposes  additional  management  burden  on  SFWD  to  supply  irrigation 
customers . 

o Non-potable  water  could  not  be  used  for  emergency  drinking  water  without 
additional  treatment. 

o Non-potable  groundwater  development  would  compete  with  potential  reclaimed 
water  usage. 

o Requires  change  of  Fire  Code. 

Alternative  C - Potable  Water  Source 

This  alternative  calls  for  constructing  a few  deep  wells  to  pump  potable 
groundwater  into  SFWD  feeder  mains  where  it  would  be  blended  with  SFWD  water 
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to  achieve  a dependable,  high  quality  water  supply.  This  would  take  advantage 
of  the  existing  SFWD  distribution  system  to  distribute  groundwater  to  all 
parts  of  the  City  and  to  accommodate  current  firefighting  usage  without  AWSS 
modifications.  Alternate  C assumes  three  1 mgd  wells  that  would  provide  3 mgd 
of  potable  quality  water  without  additional  treatment  except  chlorination  as 
required  by  State  Health  Department  regulations.  Wells  would  be  located  in 
the  southwest  part  of  the  City  and  would  draw  from  the  aquifer  currently  used 
by  Daly  City.  Based  on  initial  results  of  the  USGS'  testing,  an  expanded 
aquifer  testing  program  will  be  necessary  to  assure  that  additional  pumping 
would  not  overdraft  this  basin.  Additional  water  quality  testing  will  also  be 
necessary  to  assure  that  groundwater  meets  all  drinking  water  standards. 

Alternative  C would  initially  provide  3 mgd  of  additional  water  supply  to  San 
Francisco.  At  this  level  of  pumping,  hardness  of  the  water  delivered  would 
remain  under  3 grains  per  gallon  (soft  water).  It  could  be  expanded  to 
provide  10  mgd  or  more  for  short  term  emergencies  or  for  continuous  use  if  the 
groundwater  basins  will  sustain  this  level  of  pumping.  At  this  level,  blended 
water  hardness  would  be  expected  to  increase  to  7 grains  per  gallon 
(moderately  hard  water).  Current  information  indicates  that  a large  volume  of 
fresh  water  moves  through  the  ground  to  the  ocean.  However,  there  is  also 
evidence  that  the  groundwater  basin  near  Lake  Merced  may  be  currently 
overdrafted  by  existing  wells  in  north  San  Mateo  County.  Additional  pumping 
could  lower  the  level  of  Lake  Merced  or  cause  sea  water  intrusion  into  the 
basin. 

Use  of  groundwater  as  a drinking  water  supply  is  very  common  outside  of  San 
Francisco.  In  recent  years  it  has  been  found  that  groundwater  can  become 
contaminated  by  leaking  underground  fuel  and  industrial  solvent  tanks. 

Frequent  testing  and  sound  environmental  management  is  needed  to  assure  that 
potable  water  aquifers  are  maintained  free  of  such  contaminants.  The  capital 
cost  of  Alternate  C is  $1,700,000  and  the  annual  operations  and  maintenance  is 
$300,000. 
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Advantages  of  Alternate  C 


Has  the  lowest  cost  of  all  three  alternatives  ($1.7  million). 

SFWD  would  be  the  single  agency  in  charge  of  supply  and  distribution. 

Usage  could  be  expanded  beyond  3 mgd. 

Has  minimal  construction  impacts  --  uses  existing  City  distribution  system. 

Potable  groundwater  would  be  available  for  emergency  situations. 

Would  not  compete  with  non-potable  uses  for  reclaimed  water. 

Disadvantages  of  Alternate  C 

Feasibility  is  contingent  on  adequate  groundwater  basin  yield. 

Requires  public  acceptance  of  groundwater  blended  with  Hetch  Hetchy  and 
local  reservoir  water. 

Increased  pumping  could  cause  further  lowering  of  Lake  Merced  and  the 
potential  of  salt  water  intrusion.  The  safe  yield  of  the  basin  is 
uncertain  at  this  time. 
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TABLE  1 


GROUNDWATER  ALTERNATIVES 
CAPITAL  AND  OPERATIONS  AND  MAINTENANCE  COSTS 
FOR  3.0  MGD 


ALTERNATIVE 

ANNUAL 

CAPITAL  0 & M 

Alternative  A 


I.  Non-Potabl e Wells 

$ 13,400,000  $ 640,000 

II.  Firefighting 

1.000.000  60.000 

TOTAL 

$ 14,400,000  $ 700,000/yr. 

Alternative  B 


I.  Non-Potabl e Wells 

& AWSS 

$ 9,600,000  $ 440,000 

II.  Firefighting 

1.000.000  60.000 

TOTAL 

$ 10,600,000  $ 500,000/yr . 

Alternative  C 


"Potable"  Groundwater 

$ 1,700,000  $ 300,000/yr . 
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TABLE  2 


ALTERNATIVE  A 
TOTAL 

ALTERNATIVE  B 
TOTAL 

ALTERNATIVE  C 
TOTAL 

NOTE:  Assumes 


GROUNDWATER  ALTERNATIVES 
PRESENT  WORTH  COSTS 

FOR  3.0  MGD 


I.  Install  141  irrigation  wells 
II.  Pump  groundwater  to  AWSS  Twin  Peaks  Resv. 


I.  Combination  of  87  wells  and  42  taps  to 
the  AWSS  system: 

II.  Pump  G.W.  to  Twin  Peaks 


Three  potable  wells  and  connections 
to  the  "SFWD"  distribution  system 


5%  interest  and  a 25-year  project  life. 


$22,400,000 

1.800.000 

$24,200,000 


$15,900,000 

1.800.000 

$17,700,000 


$ 5,500,000 
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6.  ANALYSIS  OF  ALTERNATIVES 


Alternative  A includes  individual  non-potable  wells  at  or  near  each 
irrigation  site.  Alternative  B,  where  possible,  uses  the  AWSS  system  for 
distribution  of  non-potable  groundwater  with  the  remaining  sites  serviced 
by  individual  wells,  similar  to  Alternative  A.  Alternative  C calls  for  a 
few  large  wells  pumping  potable  groundwater  directly  into  SFWD 
distribution  system. 

Alternative  A is  the  highest  cost  for  both  capital  ($14,400,000),  and  0&M 
($700,000/yr)  costs.  Alternative  B is  reduced  somewhat  by  use  of  the 
AWSS  distribution  system,  but  still  remains  as  a high  cost  alternate 
($10,600,000  capital  and  $500,000/yr  0&M).  For  reference,  the  annual 
cost  to  deliver  3 mgd  of  SFWD  water  at  the  current  rate  ($.587  per  100 
cubic  feet)  is  $860, 000/year . By  far  the  lowest  cost  alternate  is 
Alternative  C ($1,700,000  capital,  $300,000  0&M)  comprising  just  a few 
deep  high  capacity  wells  pumping  potable  groundwater  into  the  existing 
SFWD  distribution  system. 

Construction  impacts  would  be  greater  for  Alternatives  A&B,  requiring 
more  construction  in  City  streets,  plus  disruption  of  public  areas  during 
drilling  of  the  many  wells.  Alternative  C which  utilizes  the  existing 
water  distribution  system,  would  involve  much  less  disruption  since  fewer 
locations  would  be  used. 

The  report  assumes  the  existing  aquifers  can  provide  groundwater  in  the 
required  volumes.  The  viability  of  Alternatives  A&B  depends  on  aquifers 
being  at  or  close  to  the  particular  user  sites.  Since  the  well  locations 
under  Alternative  C are  not  oriented  to  a particular  user,  the  locations 
of  the  potable  wells  are  somewhat  more  flexible.  The  deep  higher-yield 
aquifers  are  expected  to  be  found  in  the  southwest  portion  of  the  City 
where  many  SFWD  feeder  mains  are  located. 

Water  quality  is  a most  sensitive  requirement  for  use  of  groundwater. 
Initial  well  testing  by  the  USGS  has  shown  that,  especially  in  the 
shallower  wells,  evidence  of  nitrates  were  noted,  some  exceeding  drinking 
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water  standards.  Water  quality  standards  are  less  stringent  for 
irrigation  or  industrial  usage  such  as  the  non-potable  uses  under 
Alternatives  A&B.  However,  switch-over  of  existing  irrigation  systems  now 
using  City  water  would  require  investigations  and  may  require  plumbing 
modifications  to  assure  that  potential  cross  connections  between  the 
potable  and  non-potable  systems  are  eliminated.  Aquifers  subject  to 
higher  chloride  contents  will  have  limited  landscaping  use  due  to  the  salt 
sensitivity  of  most  plants.  For  the  purpose  of  this  analysis  it  is 
assumed  that  potable  water  will  be  available  from  the  deeper  aquifers  for 
Alternative  C.  A high  level  water  quality  testing  program  will  be 
required  to  supplement  the  results  of  the  USGS  study,  to  assure  that 
groundwater  meets  all  drinking  water  standards.  Well  water  in  general 
contains  higher  levels  of  minerals  than  is  found  in  surface  waters. 
Groundwater  under  Alternative  C would  be  blended  with  a much  larger  volume 
of  SFWD  surface  water,  which  is  very  low  in  mineral  content,  to  prevent 
any  change  in  the  aesthetic  quality  of  the  water  delivered.  Well  water  is 
usually  free  of  bacteria,  but  disinfection  by  chlorine  or  ozone  may  be 
required  under  new  State  regulations. 

The  deeper  wells  in  Alternative  C increase  the  risk  of  overdrafting  with 
the  potential  of  land  subsidence  and  salt  water  intrusion.  The  USGS  and 
reclaimed  water  studies  will  further  address  these  issues.  The  USGS  list 
highlighted  a number  of  sites  that  could  experience  salt  water  intrusion. 

Many  of  the  irrigation  sites  are  owned  by  non-City  agencies  which,  under 
Alternatives  A&B,  would  require  an  equitable  means  for  sharing 
construction,  maintenance,  and  management  costs.  The  conversion  to 
non-potable  water  for  commercial  or  industrial  use  would  require  the  user 
to  install  separate  facilities  for  this  source.  Alternative  C which  pumps 
groundwater  directly  into  the  SFWD  distribution  system  would  not  change 
current  water  delivery  practice.  Alternative  C assigns  the  management  and 
maintenance  responsibility  to  a single  City  agency,  SFWD,  which  would 
allow  continuation  of  the  current  metering  and  billing  procedures. 
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While  little  if  any  public  opposition  would  be  expected  in  the  non-potable 
useage  of  groundwater  under  Alternatives  A&B,  acceptance  of  groundwater 
into  the  potable  SFWD  system  (Alternative  C)  is  expected  to  be  a more 
sensitive  matter.  Early  public  involvement  would  be  imperative,  including 
public  information  and  education  programs  to  assure  that  all  water  quality 
issues  are  understood  and  addressed. 

All  of  the  alternatives  will  require  an  environmental  review.  It  is  not 
known  at  this  time  what  degree  of  groundwater  development  would  be  exempt, 
sufficed  by  a Negative  Declaration,  or  require  a formal  Environmental 
Impact  Report  (EIR) . 

Major  issues  over  and  above  water  quality  and  quantity  that  will  need  to 
be  addressed  are: 

Large  withdrawals  from  aquifers  being  used  by  other  jurisdictions  such 
as  Daly  City,  could  involve  unresolved  legal  water  rights  issues.  This 
situation  has  a greater  impact  on  Alternative  C where  the  preliminary 
location  of  the  deep  larger  capacity  wells  are  within  the  Lake  Merced 
aqui fer. 

All  of  the  alternatives  will  require  an  in-depth  review  of  public 
health,  fire  and  safety  regulations  from  various  regulatory  agencies. 
This  is  especially  significant  for  Alternative  B which  would  share  the 
AWSS  with  both  irrigation  and  fire  fighting  demands. 

Well  drilling  may  locate  soil  or  groundwater  contamination  which  could 
require  clean-up  activity  under  State  and  Federal  toxic  waste 
regulations. 

Standby  power  would  be  considered  for  the  larger  high  capacity  wells 
especially  in  Alternative  C to  assist  in  firefighting  and  other 
emergency  situations. 

Development  of  reclaimed  water  for  non-potable  use  will  compete  for 
many  of  the  same  uses  as  groundwater. 
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research  into  other  users.  This  would  require  identification  of  high 
water  users  and  individual  contacts  to  access  their  ability  of  accepting 
non-potable  water. 

Considering  the  social,  political,  environmental  and  engineering  question 
identified  in  this  study,  it  is  not  likely  that  an  extensive  groundwater 
program  for  3 mgd  could  be  implemented  by  1991. 
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ALTERNATIVE  WATER  SUPPLY  STUDIES 


ATTACHMENT  2 
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LOCATION  OF  POTENTIAL  IRRIGATION  SITES  AND 
THE  AUXILIARY  WATER  SUPPLY  SYSTEM 


• irrigation  Site 
*— — «* *AWSS  Service  Bonndry 
<£>  AWSS  Reservoir 
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ATTACHMENT  3 


PRELIMINARY  DATA  PROVIDED  BY  THE  UNITED 
STATES  GEOLOGICAL  SURVEY  (USGS) 


ATTACHMENT  4 
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POTENTIAL  GROUND-WATER  USE  AT  SELECTED  LOCATIONS 
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ATTACHMENT  6 


CAPITAL  COST  SUMMARY 


NELLS  & AHSS 

CONNECTIONS 


ITE  NO. 

i 

! ACRES 

i 

! ANNUAL 
! MILLION 
! GALLONS 

! ALTERNATIVE 
! NELLS 

j 

A ! ALTERNATIVE  B 
! NELLS  & ANSS’ 

1 

32 

20 

$237,500 

$52,500* 

2 

130 

8 

127,000 

38,600* 

3 

11 

7 

110,000 

61 ,300* 

4 

12 

7 

combi ne 
with  #5 

33,900* 

5 

12 

7 

includes  #5 
257,000 

48,800* 

6 

3 

2 

combine 
with  # 7 

34,300* 

7 

2 

1 

include  #6 
130,500 

31,100* 

8 

4 

2 

54,000 

54,000 

9 

4 

2 

50,000 

50,000 

10 

13 

8 

84,000 

68,100* 

11 

13 

81 

715,500 

715,500 

12 

23 

14 

198,000 

198,000 

13 

33 

21 

264,000 

264,000 

14 

6 

4 

69,500 

33,700* 

15 

25 

16 

combi ne 
with  #16 

47,300* 

16 

6 

4 

includes  #15 
227,000 

37,800* 

17 

3 

2 

40,000 

40,000 

18 

15 

9 

- 

35,600* 

19 

15 

9 

107,500 

37,500* 

20 

11 

7 

106,000 

35,600* 

: Site  connected 

to  AWSS 
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ATTACHMENT  7 


SITE  NO. 

j 1 

i ACRES  ! 
1 1 

ANNUAL 

MILLION 

GALLONS 

Ialternative  A 
! WELLS 

1 

!alternative  b 
! WELLS  & AWSS* 

-£r\ 

22 

200 

125 

2,105,000 

102,000* 

23 

25 

16 

210,000 

133,500* 

24 

5 

3 

52,000 

52,000 

25 

3 

2 

60,000 

35,400* 

26 

17 

11 

100,000 

36,000* 

27 

5 

3 

- 

34,100* 

28 

6 

4 

include  #30 

35,400* 

154,500 

29 

11 

7 

-- 

89,300* 

30 

4 

3 

combi ne 

48,500* 

with  #28 

31 

10 

6 

79,000 

79,000 

32 

4 

3 

60,000 

60,000 

33 

86 

54 

510,000 

510,000 

34 

2 

1 

44,000 

44,000 

35 

10 

6 

102,000 

90,300* 

36 

23 

14 

132,000 

71 ,300* 

37 

24 

15 

228,000 

99,600* 

30 

1 6 

1 0 

39 

/] 

3 

/)0 

5 

3 

41 

3 

2 

36,000 

36,000 

42 

5 

3 

49,000 

49,000 

43 

3 

2 

43,000 

37,100* 

44 

94 

59 

807,000 

807,000 

* Site 

connected 

to  AWSS 
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SITE  NO. 

1 

! ACRES 

i 

! ANNUAL 
! MILLION 
! GALLONS 

! ALTERNATIVE  A 

! WELLS 

i 

! ALTERNATIVE  B 
! WELLS  & AWSS* 

45 

3 

2 

72,000 

72,000 

46 

30 

19 

240,000 

240,000 

47 

3 

2 

72,000 

72,000 

48 

1 

1 

51 ,000 

51 ,000 

49 

19 

12 

108,000 

46,500* 

50 

4 

3 

94,000 

94,000 

51 

20 

13 

225,000 

225,000 

52 

15 

9 

183,000 

183,000 

53 

5 

3 

39,500 

39,500 

54 

4 

2 

include  #55 
287,000 

287,000 

55 

21 

13 

combi ned 
with  #54 

— 

56 

26 

16 

156,000 

156,000 

57 

1 

1 

52,000 

52,000 

58 

9 

6 

86,000 

86,000 

59 

29 

18 

198,000 

198,000 

60 

43 

27 

262,000 

262,000 

61 

12 

7 

79,000 

79,000 

62 

7 

4 

51 ,000 

51 ,000 

63 

4 

2 

51 ,500 

51 ,500 

64 

4 

2 

51 ,500 

51 ,500 

65 

3 

2 

39,500 

39,500 

66 

5 

3 

include  #67 
157,000 

157,000 

67 

2 

1 

combi ne 
with  #66 

Net 

63 

Sites 

Net 

1183 

acres 

738 
mi  1 . 
gal . 

$10,104,000 

$7,163,900 
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